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ÄBSEMÖI* 

_    Shi» report prejseats the results of performaac© tests©» a 
jprsap cf t»©ly« <^OK©i«^Äliimel thera©c!©raple^':«irreatiy, hela^ - 
•äseä la 4«V ex^ine testing and, operatioai.    Äe teste" IäöIM! Sha 
dsttäraiaatioa ofrate of response and r'Äeoxery factor^ and the 
.eaOLIbyati«». ef the thersocouples; for the effects of ?a&it&iö:a .. 
aad coaductiOÄ loeseso    Th® results ar« presented in the 
©f tsSslss sad ehartß to facilitate•:&> direst eomparisoa of 
perfoi'jnanc© characteristics of the test units* 
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GaliDration öf Ti^sraocotgxLes for "Eadiation and Conduction Effects 

for a Gas Mow of 2. IJb/sec ft2——.-,^ _ ^ - - *. -*-.„-_- — .,_ _ 
Calibration of iSaexmöconples for, Hadiation and Gorid-aetlon Effects 

' for a Gas mow of ^ lo/see ftd- „. .- —^ - ~ - ^ - - —— _.— 
Calibration of Thermoco-uples for, Kaäiatiön and Cosadtction Effects., 

f Or a Gas Sow of ,6; Tis/see f t^L _> • —. — -_ — . „_ ~~ — — **_-. 
Cali'öratioa of Thep^conjaLes fog, Bgdiation and Conduction Effects. 
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?ratt & Whitney TheiäöcöTg&e,* f^^UX^.^** — «,«» 

" Pratt & IMtney ^^co^^HF*^ 
Westin^ionse- ThesaocotKdL©., ;

#4^-^.^^^>^4^^S^^^^4ä^.. 
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la accordance with a request from AMC (Ltr. MCREX?13/rFL/ro»d, 
7 Sept. 1950). aad in cooperation with engine manufactsreärs of the 
Air&raft industries Ässociatidn, a program of tests was toadertäken 
to deterfflis^ the p^tformanc© characteristics of avgroup of Chromei«- 
Alnmel l^eETOCOupi^ö däÄentljr "oeing used in Jet engine tepting and 
Operation.    She th^ocöupies included in the tests were selected 
hy the engine manufacturers on'tlie "basis of service requirements 
and previous test .experience,    the' following performance character- 
istics we*e.a>tsipijäeä7:"   (l) .rate of respense/ (ä) recovery factor, 
and <3)wall te^eräture-efi&cts. .;:,-;

;-.". "-•:' 

Iw3mW?W$ OP f^f SHlSMQÖOüPIiES 

A total-of 12 differeöt thermocouple units from five engine 
manufacturers was submitted for the tests."   In most cases,  only a 
"brief general description of^ the unit was supplied. 

•Rk.O !?hermqcouples submitted by Allison Divisio% 
Division.--. ::    y ;-.. .": -/,   '•'•.-'-."' 

G-ensral Motors 

 .*.-  _.__„_g„ 

1. Allison Part Ho, S7IU72O;  abhreviäted designation Al~i,s   " 
0ho^pHeto^afhi«aiyein figure1» Hjfhis is &• 8ampiisg*typa 
"hsraoeouple with^ screw-type terminals.   JPh© sheath is 

in diameter and^hg.s,thr^ J^Og^ diameter.,holes oft. JiheL 
upstream side. andT:One^l0i:12w diameter" holeÖn "the downstream 
side.,   The thermocouple junction is.__l©GSi-eduat' the discharge 

b3{LJ£gl_3i. '-V' -""'"-'''I'^''" 

KV' 

2.    Allison fcärt Sfp.^Äi^jlRr. äipiev.iatedrdeslgnatiön AlrrST.' . 

:        thermoeoaplf,, commonly C&Lleä the" penc£i*-type.   Jha~ tip 
extends ahout l/'ft* ^Oyonii the support tube** -   ' 

3.   Allison ?jpft So. 6710^9, Hevlsiosj^ ähbräsiated designation 
A2~>3s  sho^n photographical^ in -figure 2BV   t&hie is an exoosed 
twisted-type junction of about |o.  16 gag« wire.    She junction 

-' ' -    ^-^steel'-.sh;eath'i«~;., --v-::^-'.. •-   » "«_- ..:•-._ -_;->--.: ':v 

B;   ^er^cb^Vef.r^bsitted.'by 3&eHI. ^"(kMfporatioh.      " ,1     -" 

1«   S.. '&-$&&«$. A«»ghl2X2; abbreviated designation SG-^Lj  shown 
._   photographicaaiy in figure 3A,t.!&is is a tctaX3y^.eäcios..edf    :'— 

'{^omel-Aluael junction, of Q.-Ö10" -wires, packed is. .islumi&as: 
oxide ponder within a tapered. Inconel sheath,    the thermocouple 
junction is about l/Ofi« from &e tip of the sheath. 

5&y*..V.X^5?32l^, * Mly 



•• •-'„- • -i' 

j... 
i 

2.  ;a_* ~G. Model M~63V Hodifiedr abbreviated designation BS-2; 
shown, photographically in fIguäe JB.    2h£s is an exposed 
junction of Ho. IS gags wires'.,    fhe junction protrudes 

'.„1 abjpvU: Jc/lS"- Iteydftd, tne'lnsxQ^axor and .the'pestaX'^^pOTt 
/-Vy'jnibe.  -    . *...     ;:>'•••,-  .?.,.-"   .      •"    '-.'•   ',-'.->":,'; ;'.'     '   ' - 

3..   iU G. Hcdci^SJ^ Standard;, abbreviated desi^atiöa S'6»3f 
__   ; shown pfeoto^apM-galiy JjÄ f^aJflj__fe|jL^ä jtf^ ift • /;' _ 
/.  " 'gag® latermoeduple located within, ä .totai^i^apes'atvä© weÜL 

.fher&pcj&pl©- «ioiaitted by general Siectric> Gofipaajr • --,-—- 

._._!__:- -_-. 

li    G, U.. toi ^|l|-tl|ö3 Gav2 thermocouple'; abhK^|ät:edv;desIg^.ted 
^'S&?1;  showphotogräphically in figure k.    Shis' is 4 Ibop- 
. type ibermowaple.^i^l-aJS^tfl«s4,d^d Jtoctlon^    *me wiras-r-' 
.are about- :%?

z 18.' gages and. have been d^eäfed:_de«Ä- to be 
a^roxisately tectanguiar in cross section«.-"!•",""' 

B.    fhernojMup.le,s„sijib5iitted "by Pratt and Whitney: Aircraft" 

— j..    -raesniTiiig» -maz-weAx^aaa. raooz-g-xyps i^pa;-aporevia.'tea-aeBiga.aTXon. 
I?W-*i^ Shown phötögraphlscäTly ih figure -.§£•    *rhis is a 

"...... penc-ilrtype th^naocouple supper tgd,in a„aietai ;tttbe.i    Two... 
|     v =; small discs äff.'locatf/d, neat ^e tip of ^e thermpc^ple,     .. 

, t _.--- 

i - 

. * 

& , ;|f;attjiind"lättgn% Part $©«.: $^2i§jL; ~~äfös~&*5&tiä&~dMsighatiön 
J;   P)f^2i;.shown php%g*^McaXlyin; figure 5&.    1?Ms,fis a.total- 

—~_ üannS^3?Atn3fea—£y]Hgt ^thsrgpxi-gasle- pg«i>^ rf-tii äbs^S'Junction 
' located_wi£M£L the stagnation zpkk^-i."-"    ,; - ,  ^-„,-V-. 

3«"*|fa%'".Sa^£tney Baric^^^;.3£i4^; .äBtareriäteo.,assignation 
IFjf-^;;' sl^^^^ iSSbisis "ä 

". -toerap^uple-'Sh'ich i&:4ptiak^/eÄ$0fi^'--itt a ratine- short 
, ; __»i«Hv^.^«b^«-.tL±ti^sie^pc(nzpxe-.-iB^|grpunaea:;^;-pEe-;-4!f^jii.s; 
_   with thg^fuseti^Ä apparently yeldsd to iigf* e^:^'väiöirtube.. 

V -??a£t and «hitney Part ^o/i;5&$g;  ahbreÄated.- 4#8*«3*atios. 
• _..- -.-P|M)t- ^o^ai phdt6g«^phical^:

:4s\:f^^^e:^^%<^%s^i^%:- - 
special desAgu. of 'the^oö?^^i^es^;^^lb^^.^^i»j^ 
coaxial, ^gj^appar^t^j^^^^^^n^^ej^», Jfchg tharEO~ 

".-; ~v    couple 2.B"veldeäVitp the Sii3!MBp?^^scrje^^^^"^^^.tuTi> 
of the probe is j/^ -^ ^^aifefeeT; 'f»«°^' ;j^--^fr•grrr ~%^^^p-Ty?~ 

''."" •'""""•" ?3is -sise and :desl£gtt of" xrasr limit 'i^'^ias- S^^p^r^l^^aÄfi-" " 
to obtain, a- s&t&sfac%>rj*; *aiQa^^ 
of "the- th^apcD^le is the1 "test -fate$l$¥i-e^ o^"ipä|i:::/~ 

w. 
1«^   Westinghease Jei6 ^gjtje, ^jejäöjb 

tion HJ' -shö^G '^tosÄS-^i^iäaJ.fi^e: |»v:4hi5S,,.is^an,. 

JA  •^j?r;:«'i-v*!^/vls>rtÄ-Ä*Bi*v>rt 
-" ^"*jj%i& iffy?-i'j'.rj'.''vr:^^-f,vu/:r4"'--L-i%,?'f<',*'•'",- 

•,-.7 v-,- 
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teS 
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•JJl 

esposed t*ie:töÜ*tuh^apm;^V7öf ihermoco^ie of aleat 
Ho. Ig gage wire.^ 'Ehi .-Junetio^prötrudes about _l/iyLisyoad 
the end öf tue pörceläM- insulator and metal support: tufce. 

fitSE,G2fSE M$% !EE82& 
i^-'      •4_-&-J^i-üi^ _ 

>• , - 

T*S 

%?-**&•? a* «hich a teHperaturs^ssias^. element located in the 
gas stream of a;^etv.eng;ine S^emds to määM changes ia öaa 
tempera^^l3^of ,grgat |gaot%^J^pörtanc© jn the control and 

-ogeratrf.s-s, wf"K,avi-*-1~^e«s«ie. ">» acceptable"control system must 
Z.    i.   •*. -   7^i^vt"-   "^   -^     ? -  - •    fa»*«s at au excessive rate ana 
protect critically stressed parts from being overheated,    iince a 
Jg!^::|a, ,fttel»air ?.stio: Je n^m^ly.acc&^^ed "by-a simultaneous 

- cha^fi.fe^Äas^tj^toeEäiÄpe^ aaänrjkt^-rn-waia«*«««.^.^ .^v- * -*._!.,.... 
?•«#««»- a control that will act, very suddenly, to limit the Jate 
of change of gaa tempwatfflpe-raenevef it, esceödg a*saf;ö value. 
XA thj cö&trol isteimperatüriactuated^ the sensing element must 
therefore respond rapidly when subjected to a change in temperature„ 

\     \lheaihe temperature; of a gas;, stream in which a thermocouple 
SiSSJf 5 ^^^^tantaheousl^ „the. incrmse,:^ in the, 
temoerature of -the function with t^e,  t.t. thereafter Is given by 

on? .'.;.-_ ..  .     -'".''-""*:.;„._."'.'' -   . -J_-~    "•      .'.   -...,•;  3-"V- 

-£•- 

•f7 

;

 ft -• 

-*Ss-_ 

jsf. 
? , j • »• "- 

- " 1"- 3  . 

go- 

-    . 

r ?K ^>"'^fc>^ - %>(! *e"^/f "".    V-  • "' 

_^•2l ^-^ÜÄJÄ^^ Q^%f jjuhction \  J 
';: ; -|iT^Ä.w?^:Äf#^ «r-tt»;" junction^ 

-    •• -v   =..e.(äj.pj);|, -she-Da.se or the ITaperian system 
.        .,     'of logarithms: 

.-'_.   /? •= a .constant . 

CD 

,^?91 s#ation (1) - we „äay; write: 

#?v "^J85 S^^^ ^ö®"'ö0atiöi8B  (1). and (ä) that the Quantity 

W&r pecome»! 

••¥• 

l- •5-Va?»:!* 

*-v?-Ä : 

^EiiEr-Ä-.^giA-Ä i-_-^Ä-W-h-fi-^D» •'-""-". ~"."-r -?-'... v,._; /w*~* 

•SJiJf fc-1^,.^.r*#£** Sor" the &er-äc<«iple. iuuctiou to 

*«• ^.saHS^ctad.,imtä&taäeou^r^ ''Thaktmrf.^so defined"'is- 
•"CSSiÄrf^f      ? ^ ^^haracteri^^ time»"o*f tha ^nctioi^ 
Actually it is not a characteristic of the .^mcUoa.aione, hut of 

taUF-Ä-fe!j55 -3- 

3K 
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the ^iEtioiä and the. system, in whicbi it is,is_jer.ssd,  so that 
'thiS "ii^^flaW ."£&%»~pisf"tie specif led siE^i^e^s%:wil!h= -the- 

.      fhe a^aratus used for sub;}eetioQg a tkermoc^uple juaetioa t© 

consists essential^ öf/aii lacon©!- tufc© which cast "Is' held -in/- 
place -around ""th# feermöeoupl© junction by a r.ejease'pla;t.e9. bat 
'whii^^^p^fi^s^'^al-ojf.;^!^ plate;, is pulled /i^y/by a;spri3igii 
fhus the Sanction: is suddenly e^ose«! tö the hot'gais stress* 

^*>>«ft^; öl© telst section,    While the Infeonel tube is* i». 
posiXlOS. äSOUSa «ae tösJE rjBJSSXiofiv'öqdÄ laf-eBatlrwsga 
the.tuee. tö the junction. t^Bp.eratfjre &%• % -selected^lcw value* 

r__,    The -ine.teripg aSd. .recording eystesn enrployecL is shown s|hemati«>- 
-BäJ^^^^^^^iph^^Jehä^'EKiiriegA -igftfc' Öf~th* iEBöt^oft^ie-CöOTÖrted. 
into arpleating direct ctoereht voltage by i mfeansof^ a Tiogati^^.. 
r&^^type ^BSp^ier.,   lESls pulsafing" W voltage is aiipllf.led a»d    - 
fed i&to'•-.&i direct fiaKiag Brash magnetic oscillograph^   £ho pen _- 
e,f'thel»fi.Wsiasi^upaient vibrates with a frequ^cy'ef 60 cycles"  ' 

b^    iV. per  secöua aati »iw an aiupiivuus wöisii-juB ^iö^ua uiöu&i.  w  wt-ss-j i 
thermocottpl;© emf •   'fae envelope of the Oscillograph, record is thus 
avisier raeossd- -of "thsi; i&srpocpupl©. -emf, -laithöixgh. -not oa sä aSsoluie 
s.Cfflöe; \So>r.ever^jio?"ihe p^esäi-t purpose the. Scale' is OC acö Cftn-•'"/ 
segaeace,;: siacg it is desired only tö Ä(^sure,:;Sae tiae repaired "för 

^•|&eT'$^eiri^i© ;^^ la" temperature» 
5jlh© time sCale of each record <^ueesia^iished in either of two 

~wäysv   Jor. the 5^ho*iöns having; ~3Pi— rssppn.se$the So cycle 
ögcillatiöns oa&: hisMiouäted," Tor • the heavier jusetiphs it is " 

.unnecesBary;:tör;.cjtuut t^ ""„ ~ 
'mvet^- läsimpspeeäe $y a synchronous"actor though gears, 

..4.. 
1, 

fhe response rate Of each of the test 
U   2«d 6*? 

3s was; 

instance the Junction was subjected to a chä^&ite 
from: ähoutJjObcg. to .ah;ogt. 1&0Ö^1S,   A typiejl' öseillo,graph reggrd 
i«":'showh M. fi-gure iya» "ähäi ä la^ge^ftcalf ^3Efi^'^f^tSjB "tiffle^ 

.i**.**- vBiapvwravwä;«» i=,oictvj.vJa xs, ^wnsrw iiguE©; s«»'»"'-" 

!/' 
A^snffimary,.j6f}.the cbserved   values of the chsracterisilc 

tiiaies. is ^given. iä S.a$le';lii.;;; 

-•'Shenr'säa- isssi^si 
is tised to measjiar 
of about 3ÖÖ• 1''i/sei© or hijghs^ 
of Üi« ^as aOled^Lss ;ag^iVi&|-;.|he''fM8' ;e1SeöBkf 'Isec^^i»' isign3tfi.-J 

;<V- 

~? "jt^TW^S^^^T^^^ 
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cant if an a^axTate measurement of the gas temperature is to 1)© 
made*    Since the magnitude öf the impact ^effect increases as the 
sjgüarö öf the gas Telocity» errors of considerable magnitude may 
result at high velocities unless the impact effects are taken into 
account.- '.'.'• 

She effectiveness Of a particular thermocouple for indicating 
the total temperature of a high-Telocity gas stream is expressed 
"bf its'recovery factors rs defined,-&si-       - •    ,,, '' 

o. 
r _. i IX* ,)/X»€- - *fe) 

- where f^ = temperature indicated *y the thermocouple junction 
,"1-'1--•"7'jqvi="'Sil»irci^xempw.atiffe~''^:''i&ar gas" .  "  ""   5;.": ;'~-~~~,}/^ 
\ -•-_-<----r^'-ii tox^^ten^erature^oS the^gas7"     " ~~J r_ " "" --—- 

-A' 

The; recoTSry factor tests were carried .gat,in the apparatus .'.< 
shQ^ndi^aMsaticgliyin figure Ü.    Air |s supplied "by a Heots«. 
Gohnersfllle ceatrif^ai fpiower hiding a capaci^r of 5PQÖ öu ft 
of frseairper ;m!h at a pressure of § Ibs/inf gage.    Wie flow   , 
rate is controlled "by a välTe at the hiower outlet.    The. &%T- 
flöws through a straight 12-tfocjt length of 12»in. pipe before 

-uj.»c«8G-gi2ig ^nrpuga a «fc*zn. nozsie , to, sne jasraosphere«    A cup-type 
tot a!-temperature thermocouple is mounted in tiie IS^ia. pipe,       ,.~:- 
one foot upstream from the noz.sJe entrance».   A total pressure 
tube is also located in the pipe one foot upstream from.the aozzle. 

n 

:-SSV"jUtiCtiöa öf the therj^cöuple under test is supported in 
the aif stream at the n©zz2.e discharge.    She terminal „end of the 
couple is. mounted in an aluminum block provided^ with as electric- 
heating: xjQ.il/ . A control thermocouple ,i« located withln-ths ^     _ 
J^^^^^Io'ck.^;JÖ&ing,.a^ teitr the power jaippiled.to „the heatings 
asil Was aa^*stecT until the temperature of the block, and hence 
also that of the terminal end of thf. .test, ther^eouplLe, ,M&» . 
identical With that indicated by the .Junction of the test couple. 
tMdes? iki ^«litiAn- *«»* i^>«*«: **««- *hejuaetios hy condustlon 

e support tube are eliminated* 

£ E 

, •**. 

the energy considerations applicable to a reversible 
-ä-*'«-^»—*-*-————— — — — -"»-      - — \.dv3;iipW -öirszr: tnrouga the *zzj.® us.ea 
in the present system^ it can he shown that the following relations 
-held at the hozgle,discharge; .._"•- ",'-   „•.... . -r --.^...,- -^ _,_..?:~.;w..r-'

:...... 1^.___,. 

_ f^-i- ^a *q=_ /__ Jit" AJJ 
-s- *feV^fP^ 

•?t-;% 
'iff.-ii.. °arJL». 

T''' -A^" - V< 

m 

.M^ 

_ C» '..<(« v„V, 

ÜSÄF-fR-^g "^ 

•Wi^j*»« TJ-*.HIW/ •» 

'._-tl*f!'^ai_^:-.>s 

<-w?*T-^m-:- ,r- 
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i>              .   - 

i 

~"V^ 

-   1-•, -. „     r     — - •,;-. .-_ -—   i  .      -, .-,."._ -| 

~Y • 

.-.r-W^n,.' 
* 

"iHX  lV'b*I"^'pgji"w><'-y^"' -i * , 

. V 

^«r4;% *M<^ :.'  . -       ''-, : 
^Iri^^/A-"''ah solute pressure"   • '   -.-llv:^";•"-.'   :- ^r /•:":-'-'- .-"      '•-* - 

_vr: /•'• ": %" - h&a£ edacity at eonstaät pressure - 6.2^. Btu/lo eJ> 
T"a ratio of specific heats.* !»£ for air uader 

~:V^%-"; prfeaeat teat coalitions " 
' \ßr $Jj^&2t4vä.tiovi 'e$ gpayttjr '•-• ^.2 ft/see2    -" ~: 

-•$>•?& 4'&'(ääua±cai equivalent of heat = TJS ft lb/Bta 
/TUw^atocity in f*/sec     ^~      r-— - -."-•-.. 
.,||- » Mach nombe* 

'-c '..=• T^ioä-lty spf sauna ••,:., -     •-. " - 
'% -« gas* constant » 53.3 Bta/f t3 *i 

JW—>-t^t-ifVi^AJ\^i«-j. 

4 s, •aÖ^,^^^/io?ity:ia:.^4"'t6*ai •ceadH**"»- - 

; '-S'l^ö'.;'the;-;toteI te^eratur© ah& total pressure remain constant 
-fe^^^^^l^^xpans^WÄ- äsäpres;sigh, ö£:sip:erfSet,glur::.:iha.7'  ." 
ir^e|1^^i^^Q|iB^eIx^tr8aai from the nozzle are applicable 
**.*^?^s^^•^tt^i\f-§ii^0 the nozzle säiseharges tö thd" 
«^^^^','li^',^^P^^'nir»-(p^);-at the test thermocouple-i* 

v/^e-jpfeTraSJ^g. ?.ax0om®Wi_c:^yes8are»  -:  ''-""-:-• •-""/• '•:••'•:•• 
r.      _•--. «•„»a^ joa>_fe( ^ 

-a>p-   >  'f ." 

•» :^#;frö¥:ÄV'o^^el'faiuö8 öf 1^, %£ « %9 ?,,  and p«s the 
vsOsie pf^a at -the test -%erH».co^gle, and hehce also Its' recovery 
xaxttör'^mjiji /eläcalat-eä frM-she above 'equations«,    A typical, set 
of te*t dsLia ft- sHöwn-iä^figure la, -%©i^pjiriaentai values of" 
Si_^£i_^jB^lötSe4^äiiwt t^ velesi^sr o£7 Üä discharge fs«^ 
the ^^^"-^f||^;|^rv Ös^s^tisÄViäajiei $f -recovery iactor 
.are -plotted ä£alast Hachmniber 'in f igöre 12B* "^ •..• 

-' -:^l^^^;.-^rsocSöpaLei "eÄSs"it®d.-.rec0y-erjr J!a^'teis^essejitiai&"" 

w^flir^^,f|w-|^^%$^;oi!f local shock Was results iarah      ^ 

* -^a» *•*-sfBpiöRLzes. the fecwrery^^gc^^tVBst -äata*''' Ih 'each':- 
c^se thg: average välui of se«»y(»y\fa4^r^'iör«.^ Oi^ is.^Lten. 

—t >-3i« _  

A0.^    -   ~ 1 

^Lißjisjricffl issfs 

*-»yvw?s^«^<J^ic^3^Six 'Tffi*fy"r"9tfflr 
ih--ä gtreaa.of hot •m$m:^m^^mm^^^^.i^^s^^ 
m- **#• «ar itself j hat -^$^:^:-?sh^^^if^e^^-^iig^y- *Ju&i. 
ä£;ipii'ch taeVratepriüBaf;traääfer^|^öis.>the ~ga$^'^^:|aa«tioa: 

»^ csOToctioa Is egaal 'jtf 'th^, ääfcef ^heä^traalfer: 'äov'-«be ;'' 
jmetäp&ior -the s^arunaisgf ^raÄti®ä;«öä .cohmctife^.   '^ gja+- 
mrbSae; ahd;, jet ea^ne .^Mt^.^^^:#itaSäi'l|oi|ä 
©a .-Qas' iMicatecL teä^^ät«a^v^^«uip^,^s- -JBöre 
päl*tieaiärly at @ss t^^e^tiiar^s^^ii^'i^^« ^-*| |^_, ;Sö¥«3re», c^Es|acst|L9Ä 

$S£MB- 

unu-   - _f. •4>i^_•Vt—. • 

' T-'ivWH ^Ä;,'S&" t^Ä''»''^- 
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effests "become important vhejs depth of immersion into the gas 
stream is limited and when heavy walled sheaths or supporting 
tubes are employed.    |or accurate .temperature .measurements, it la 
necessary to evaluate the radiation and conduct ion correction 
over the range of gas temperatures,, gas flow rates and wall 
temperatures prevailing in service«. 

Ä 

The calibration of ©ach of the test thermocouples for the 
combined effects of thermal radiation and conduction was made hy 
cesrparing the indication? of test- instrument with .the indications 
of t«g siiver-shiejLded Chrpmpi^jj&umel themoeouples which had 
previously heen calibrated against a radiation- and conduction» 
compensated laboratory stssjdard.    figure 13 is a photograph show- 
ing a test thermocouple and two silver-shielded thermocouples , 
mounted in the' cover plate of, the test section,    ^hs .wall tempera*» 
<rrif äa wi»Ta. naäim?aH lav- aflann  nf ftwjr - 'Qfeyamla!l^ibl'Hinft!L   .fanatdOSS-      — 

pssasd into tne Sips wall,-- and 
of a pitot 
Sfipe Wall« 

~4nr-t-h®.' •3*8 

•f 1 AMO   weVA   •maacnvvaA  "hrtr  mcana 

in the gas stream and ä static pressure tap in the 
Jigiirs;lH'-shows the arrangenent of the test equipment 

i 

fife?? ^;%^R"^^^^:v^^#iEi 

CaUorätion. tests oh each tfesymeceuple^ were made with gas 
temperatures ranging from 1006*7 to i^OCS1«, wall temperatures from 
S0O Tf to 1200*8, and with gas flows pf 2t %4 6, and 8 lhs/ft2sec. 
gäatt-ftact jSgs&iealids^räge-y1*Bs^i»gd\^ixL fai^^es-1X1   -jv— -T^asi. ¥1? 
In evaluating the corrections for radiation and conduction losses, 
j&g..,es!£H^§i|>£^t^ wir-i..in,the. thermocouples vaj-1 
assumed, to corresponds to the ataadard Ohromel-i&aK 1. 4*'??_snt3 

et.^It %a pe'iiWid that tblecorrections for' radiation and. 
. ^duc^on-iesäfi»ä_g-S7S3s, -iä Sahles III,  I#s Y, shd TI are aceajrats 

to ±^9f when the corrections are less than 20e? and to one fourth 
Of the correction; whentthe latter exceeds 20*1.   . .. 

_.= „-_-   &.~ ^-- 

": ?he pjir^pbse: of the test, program has "been to phtain cpmparäti^'S. 
p,erform4nbg o^ta pa comercial thersocpuplas:. designed for _ use in     ' 
3«t engines." Shis report"JäB"fSererpre open Halxed to ih® presea- -l~ 
tation of %h.a observed eaperimental data with no discussion as to 
the relative merits of individual units»   jBha. results are presented 
AnJtahuiar_.fom_te_ facilitate-A-dlr act _c©Erojsri^Ji-.©f the„pjsrfOrmshce. 
char act eVist less-Pfthe test tharäoeeuplesi - 

•as« Afi9cau.Be of-tnis;d?Bi|^ aaa Bgnst.s'UGisioii ox   töBn3oocifQ.piB rw««»-,   ;J-G -v?as 
not possible to obtain a satisfactory calibration of this uajit. 

lew 1.. vena, 'ED. ciisrge 
. Gas; '!?esjpp^ature' JHJSai?trr-jemeats 

Fsal'Si 'Sftpees.« 
Mech» Eniinaer 

•*T^ 
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III. Oalilxp&tiöa öf ^rstocouples for Radiation «jd Conduction Sffsets 
for a Gas How of 2 lb/sec ft* 

•"--'.•-j,i^..T- 

Gas 

I5ÖO 
i§oo 
$500 
1^00 
I5ÖO 

0! S#sp,.   Al-1   Äl-»2   Al-3 
^*-* Indicated Temperate?© —=- 
IGrl. &G-2   BG-3    0S-1    P&.X Plfe.2  ä*J  -w»i;: 

?ees, fahrenheit ---~~~ •?*.-# 

15ÖO 
2UO0 

i^OO 

1200 
lioo 
iooo 

I5CO   1500^ JL5Ö0   1500" I500   1500   2500 
ll4^  ÄI -..St§"->,S$6   ^73.1^75   1USÖ  ife 

2*$p     XfOjO :23U2 

13&0 
noo 
iooo 

1300 "  2300 
I2l|€ 

1100     1200 
1363 

i%28 "iJijä 
I29& 11*20 11*16 
139   135)7   1^3 

11*00 
J377 

1336   131*0 
,1322,, 1327 

* 1300 *I300 
1?B   2280 

IU31 .11*35   x!*i*g itai 
„..    xini* 11*20  11*35 iia*4 

137^ iUoi IUOA; i^m 21101 

ii*od  iuoo  xi*oo  21*00 21*00 
igZQ3Z_L IH&jjJgg 137$ 

I205 

I2w  12% 

"^=9" ^4?^ IJW? X^bb i"?Stt 
13a' 2337 23^ 2352 lg? 
2305 2325 X332 131«? 132^ 

23ÖÖ 2|00 I3O6 2300 23OO 
2273 2279 22SX 22S& 2279 
2250 22^1 I265 Itfi iäöl 
""- 1252 .2262 221**7 

2500I 1500« apoo 
2U75 2^9 1%2 
1*63 2*123 UM 
2W 1393 IH25 
2*4X0 I367 lH06 
XliOS 13S*€ 1332 

Xl*00 21*00 11*00 

IMS   1332 1352" 
13% 13P5 1333 
1330   1283   132g 

23OO 
2280 
22b3 
I250 

1300 
1277 
lags: 
12&2 

522Q0  ;."120O 
-2330- '-^SSfö-'—üja* 

2000    2122 
900 

1100 
1200 
1160 
11Ö0 

2200   22Ö0 
1282 

XÖD0" 
"9,00 

2000 1000 
XÖ0O 
2000   gO0 

120© 
2057 
2028 

J.00Ö 

8fc 

2200 * 2200 
xogi*  fOSgf 
iÖtl   1Ö72 
2061  1063 

X20Q: 12Ö0 I2ÖO; 2300» 2200, 
2177 2182 2281*2187 2182 
iip 2166 1170 1176 1167 
2142 2255 1X59 XX67 XX5JL 

2200 iioo iioo 1100 2200 
IQgO 1085 XOgg XQ89 1085 
20f& X072 I075 1080 1072 
£V?v *VP«i,? iwoo 2p73_.-i.Q62. 

1200. 1200 12ÖÖ 
1283 2271 XlSO 
1169 11^ 1163 
225g II26 II50 

1100 2100 1200 
1086 IO75 lag-? 

2054 loss 
1©SH

:
 4037    1058 

1000. 2000 ^XOOOLlöOfi:" JtÖOOL JLOOO_20Q0 
'9*1'-' ~W  'Stsß -$&>; "s9öT: S$6 

-2000—4066   1^0«. 
-,-   -      -      --    .-   M   97s   9si 
939 975  97? 983 S75 9T« 9^2 9?ü 

— : 
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2abl© X?*    Calibration of 33 of •m&mcov$lm for BaM^tioa and Conäacilea lif£eetö 
for a Gas Plow of *}• lb/sec ft2 

- • ? ,_ 

-  fall r--- ^at—üi.- Indäfisated 2ea|pe?atares 

15Ö0 
I5OO 
1500 

1*100 

i.    JW   Ä2-2   11*3.  30-1   B&-2   BG-3 -tiB-l' FW-2    Ff-2 

1500   15ÖO   1590   I500 

lf-3 *»1 

Ti«2t if.iA - *r*~ "Y" ^~~ *5Qo 1500 1500 1500 1500 1500 
3äöI _I47<5    lljg?L   lli.77    Tlkg-x    nutz   iJuzC --i-h<n-    •*?-»-    -!~- ^ 

ifo© 

ate 
Hioo 
1*500 

„iMiSL. 

1200 
11ÖÖ 
iooo 

llöiö 
•»lib £vi%s  i%V 1^5  %k6s 

iU2§   21*32 U&5   jij.30   1U36   A  il$£ %5  1390  Hilf 
2*100 

I3ÜÖ 
l|Ö0 

1200 
-12Ö0 

Ü10Ö 
2100 
2100 
3100 

2ÖÖÖ 
2000 

So n it 1T1 us gsi $i im Mi im m tm as m m *m m m M li ml Sg gfg W£ 
^~~ :-^\^ '7^^^7r^3   *JJW-".-fVfcf   a33¥,Jp5S  13^/   1352  lip*   131^ 

1200 
2260 
2ÖÖS 

IIS? ^Ö ^v? ^3°^ *3öo 1300 2500 1300 1300 1300 1300 HE   gg fg* 22||    12J| 1*£ 12S0 £5 ilsS   ifI gg 
S5- Ü& ^SS  T2^ 12J6 1?g0 ^3 1275  1256 1271 22£o iggij ^ 2^2 1267 X273 1263 12&6 isfs iagi 

1100; rSS-'SSJä*JSg -._82L •*£ _ *s? as .as «».ä 
Ä^i» ü.^ W7 l&ÄSS iSI SS SS 
..S^TT^X^^W 1109 oiwios^^aB &?? ii§9 im 11Ü7 31 

Üöö    liso 110p iido 2100--- aioo^lSo'';~ll^"ixöö'- 1100 1100 T»«n 
1000    1076  io*g  ios9  log!  logs,-£$* Wz Ml S90 10S wa 

S00     1035   AOJI   2072   1066   SQjz   p%&r-^mr XQfk   1075   1055   1072 

900      575    930'    992/989    9#;^-S9i  • m '• 991    991   ^Ä    öS 

. I 
J 
i 
? 

S-4V55 

,^:.vW 
' "*Je   '**%&•»'. 

;;*FKiIt' 
5>    »V.     ,/;     'J    ' 
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fable T.    'Calibration- of Shaa?mbcouples for Hadi&tion aM Conduction Sff©cts 
for A Gas Mov öf16Jb/^see ft2     ='^.'-      . 

j. 

4 
5" i 
I 

li .   «j  - 

:"^f 

Gas Wall 
£©mo. Seap. 

I5OÖ 
XgGO 

1500 
1*400: 

1500 HO© 
IfOO 1200 
ason 1100 
If 00 . 1000 

1*400 1*400 

XHvw 
1300 

"\X2vQ" 
1*400 1100 
1*400 ". 1000 

1^00 1^00 
„1300 1200 
1300 . 1100 
13,00; 1000 

12ÖÖ 1200 
1200 ifaö 

laoo., .1000 
1200 ;900 
.. \  7 - - - * *?-°-C ' -r 
1100 HOG 
1100 :. 1000 
1160 9@0 

*.-*—--....-.-—-—--.--..— Endleated f ©äperatur es 
Al«l   Al»2   Al«3   36*1   BG«2   B&-3    G?-l   B*~l »2   ?^•3 *i 

i*:ess Fateenhsit «=.-*=-«-- <twt*u>M ••JI^I —wpf^y 

1*477 
1H57 
11*39 

1500 150Ö „1500 1500 1500 1500 
XI4S2 1148*4   lUsS 1*489 iwj 1*486 
1*466 l*4;7i   1*473 l-7£ 1^72 1^7^ 
1% 11*60   1*463, 1^70 l^l 1^3 
iWte 1U5Ö   lH54 1U63 1I452 1« 
1*432 1^3   W i^57 1*4*45 »7   1H13 

1*400    11*00    1*400    I*4Q0 1*4Q0    1*400 1*400 1*400 1*400    1**00 
13S7 1389 13S7 1388 1379 

1500 I50O I5O0 
1*476 1*48*4 1*465. 
X*4j*4 1*470 1*473 
1*43*4 Ü45S 1*402 
lkT7 Tlikg 1*453 
llj02 

1U59 

*jyu    *-jvt   ^rj 
1338    I363   I365 
,1322; I35I+   135s 

1*400 
1|26 

1357    136*4   Ü67    I372    I3S5   13^   13414   I363 
131*8  1357  1366  1366, 1355:  1361 1333, 1355 

•«•JV?      *>H     J._7J.V     *.jv?* -  a.jr.f-j     ~^n_r 

-100O_.: 
-10©O\; 
iöäb 4 

S00 

1300 1300 1300 1300 
12.79 1288 1258 12B$ 
1260 1277 127s 1273 
12*4*4.126$ I27O 126:1 

1200 1200 1200 1200 
:jLigi iisg  1190 ixm 

, 116*4 .117!, iisi 1177-, 
, 1150 i.172 1173; lltiS 

Ü0O 1100 1100 1100 1100 1100 1100 1160 1X00 
1083 1091 1091 1089 1091 1092 1091* 1091 1-092 
1067, 1083 108*4 logo iogi* 10S5 io§9 ibsk  iog§ 

-i«xvp3 *U'R--*"?i? *VJ3> " J-Vf-o "• ^wpv   .iwop 

i-xnA "TKYYä I^öC l'Söö l^Qö •«• JW •».JW ^^V*-*1 <*0**V J»^*'*' 

üüöö i«:B9 i.«iyi A2öö 12S9 
1277 12?9 i2Si* 1278 1279 
1269 1272 1278 127P 1^7 2 

1200 1200 1200 1200. 1200, 
liSQ iiQi ii<52: ix|0 ii9(T 
1180 II83 II86 1182 1182 

' usi 1175 1176 

-V». *• *k Ä 

i«iOA 

I265 
1252 

1200 
1Ä 

1158 

1100 
1086 

1278 

1200 
1189 
1180 
I173 

1100 
I09I 

905; 
ioojQLJioM JIöööL. 
rsm   992-993 
-m& - 986 •' Mi 

jfiÖÖ . 10-00 „10Q0 ~ 1Q0SL_ i00J_„ 1000_ 
991; 992    993     99"4    992    993 
^81  986  §87- QQ0  986  98T 

iUBf 

1000 
988 
978 

„AVff 

1P00 
9?2 
986 

»•-.^i,__^..-,-.„. 

*)-SW;»'I J3  1:.-' ." \    '-i, -.*•'•• -i* '. 

•i0S|l»far%5:5^ 

Egt»"--; ,'=-;^i:*^.;" rv-'T1:7- 
»TÜ*L1-*•"•!! WLU 
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„.  , .   -syre": 

fable tl.    Cali'teeaiioa. of Sh©ra»öoupl©g for Ha4iäti>5a ma. Oenddctioa Bffacts 
for a &as Ilow of 8 lb/sec ft2 

' w      V»*L 

£1-1   £1-2  _A1»5 
Indicate, 

BG-X   BO-2 
stages ~-~i^«~~.~ 

Bö»3    GBr-1   ?W*1   PW-2 •3 .*?•£ 

?<s.es 

i_ 

1500 

i$oo 

150s 
1^400 
1300 
12Ö0 
ixöö; 
1000 

iiioo ; 1300 

1500 1500 1500 
IMQ  iftgg x^f 
iM>2   1*74 J&77 

145I JEl^fi i^oQ 
SU2O  ml$ 1U5H 

lljOO    11*00 lUOO 
.131k_13SSU3ia- 

1»C7Ö 

11ÖIO 

lUOO 

li*«7 

1S4S5 

1500   1§G0   1500 1500 1500 
l}48%    I4§0   1%6   lH88 1^0 1^7 
1U7|   I«ISI 3&7U  11*77 IU62 J&71* 
lUSS   Ä73---1&65'1Ä&7 iU*47 iW4 

X.1&0   1^  1U62  xUp  11153   xHSk  ii&s 

i3o4   L511   j.yni 
131*8   136?   1371 

115Ö0 
Ä 
1281 

:^f*j 

12fr 

lUOO 
JMS. 
13/s 
13^ 
1362 

r 

I3&Ö 
1289 
1280 

1200. j.200. 
uSi 1191 
iiso  iiss 

üoo 1100 
1091 1(^2 
100 idaS 
iöfb' iosx 

X*K>0   1U00   moo   ll*O0 - IJJOO   HiOO 
J3i& __J39l -J3«fL 13S9_13g2_ 118SL 

1000  1000 
992    99&. 

I379 1305 1377 I300 1300 1377 
1371 1376 136s 1372 1352 136g 
1365 1370 1362 1365 131*2 1301 

J£M_ I3OÖ 130Ö „1300 I30O 1300 
1290- 1292 1289 I29O 123*4 1288 
1282 1285 ; 1280 1282 12?0 1279 
I276 1280 1273 121F5 1258 127^ 

3'5ftfl Tori« ion« i'Pöö Tonn tot^Q 

XX92* Ü93. ii9i U92 1186 1190 
1185 1187 1183 1X8$ 1173 1182 
1175 1183 1177 1179 J.163 1176 

1100 1100 11Q0 ixoo xxoo ~ iioö 
1093 1095 1092 109| 1088 1^92 
ios7 1001 io£& 108? 1077 IO^S 
108| iOSS 1081 1082 IO69 1£<8S 

100Ö XOQO 10ÖÖ 1006, 1000 1000 
993, _. ^ 9^_^0iL^:ai5.: "-903 



F16 U R E   I.    ALL IS 0 N  tH ER MQCÖÜPLEj AL" I 
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FIGURE 3.   B.6. CORK THERMiÖCOUPLES ; A, BG-1 * B* 8G"2:;C,B6-3 

'»•O'.'^tT-'v-.X'^fe.^1«?'^ r;A'g';:; »'JT. J'3r; 

RGÜRE 4. GENERAL ELEGfRiO GO, TBEBMQCOUPLE   SE—S 
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FIGURE 5. PRATT .AND WHltftE* THERMOC&UPL-ES;,?AtP.W-J; 

#{§URE ,:j6-..- l^r^TT . wäßr SrrBrretx, "T*JEHraSE£pw£E»fS,pS^-3; 
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S"5gg55äftrfgs-7 
..#_ \'*£ .', >^j 

P.C. VOLTAGE 

cpu^p 

€0 CYCLES 

^ 1 r± 
CONVERTER 

60 CYCLES 

VOLTAGE 
^PüREJS 

r~r 

RECORDING 
OSCILLOGRAPH 

GÖNVERfER^tYPE 0^0 IN  BROWN  ELEC?8öt«SäC POTEWTIO^StgR 

ÄJÄäFIER—SRUSH 'MOgEt,  BL^-905 
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>iV..pE3#£töw 

•<#  ~ -r <*- £. 



--,-.v <.<•**•  '44««i ^_fc,»y- ^««U^iVü, 

1 V 

f"; 

( *-. 

-1    - ~- 
JL . 

'• *t 
-e C-.s h - - 

•    o '« -^ ,t - 
r •• 

.A" 
<? *>''r- 

:fV a    ^-- — 

^ - v"» I -v • :• • 

s> " £ 

I? ' 

w 

/^T-.,"       "'V' 
>T -\.iO^SSyH^S^; :r•,^ $**- 

"I, ••••        -   .-•. ,^,v 

•—"«,   •      rt*  T- 

S ,CS*?Wt».«CK'Wl-vWC,S. !MBflW*äL.*_-*. -BF,- • 



,.;."   „;  - >ris 
•^K-'-.'4 

-> "«    ^j " * 

•;*;- 1 

FiStRl.lg, -ftg& ffi-QP  Tr 

.Oft   ' 



f" "ngv 

—-mmrt-l> 

> 
©- 
Q 

Q 

Ö 

'S 
Q_ 
Z> 
C o 
o 

nu 

t» a. 
{-> 

Q. 
-2£—-- • 

•Q 
St 

~0? 
_._r_. 

'LLI 

(3 

MN$M^ -a» 

f<r~ 



iü'avmin.i.. ä—L. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029

